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(57) ABSTRACT

A light emitting device (10) comprises an elongate first body
(12) of a semiconductor material. A transverse junction (18)

1s formed in the first body between a first n+-type region
(12.1) of the first body and a second p-type region (12 2). A

third p+-type reglon (12.3) 1s spaced from the first region by
the second region. A second body (22) of an 1solation material
1s provided immediately adjacent at least part of the second
region to at least partially encapsulate the first body. A termai-
nal arrangement (28) 1s connected to the first body and 1s
arranged to reverse bias the junction (18) into a breakdown
mode. The device 1s configured such that a depletion region
associated with the junction (18) extends through the second
region (12.2) and reaches the third region (12.3) before the
junction (18) enters the breakdown mode.

15 Claims, 5 Drawing Sheets
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LIGHT EMITTING DEVICE WITH
ENCAPSULATED REACH-THROUGH
REGION

This application 1s the U.S. national phase, under 35 U.S.C.

§371, of International Application No. PCT/IB2009/055362,
filed 26 Nov. 2009, which claims priority to South Africa
Application No. 2008/10604, filed 15 Dec. 2008; and IB
Application No. PCT/IB2009/050194, filed 20 Jan. 2009, the
entire contents of each of which are hereby incorporated
herein by reference.

INTRODUCTION AND BACKGROUND

This 1invention relates to optoelectronic devices and more
particularly to a light emitting device fabricated from an
indirect bandgap semiconductor material and to a method of
generating light.

Avalanche electroluminescent light emission 1n single
crystal indirect bandgap semiconductors (e.g. silicon) 1s gen-
crated by the interaction between mobile hot carriers (e.g.
recombination of electrons and holes) and lattice phonons in
reverse biased pn junctions.

In conventional reversed biased n™p junctions in silicon
devices, carriers experience impact 1onization over a short
distance only 1n the depletion region. A low electric field at
the end of the p side remote from the junction means that hot
or energetic carriers are only present at the n™ side of the
depletion region and that holes leaving the depletion region at
the opposite side thereot will be low energy carriers. If the
carrier recombination rate 1s proportional to the product p*n
of the hole p and the electron n concentrations, carrier recoms-
bination will occur 1n a short region of the depletion region
only. These features and parameters, together with the fact
that in the known devices a major part of the sidewalls of the
depletion region 1s bordered by bulk semiconductor material,
contribute to an internal quantum efliciency, which 1s not
satisfactory.

OBJECT OF THE INVENTION

Accordingly it 1s an object of the present invention to
provide an alternative light emitting device and an alternative
method of generating light with which the applicant believes
the aforementioned disadvantages may at least be alleviated
or which may provide useful alternatives for the known
devices and methods.

SUMMARY OF THE INVENTION

According to the mvention there 1s provided a light emit-

ting device comprising:

a first body of a semiconductor material;

a junction 1n the first body formed between a first region of
the first body and a second region of the first body, the
first region being of a first doping kind of a first concen-
tration and the second region being of a second doping
kind of a second concentration;

the first body comprising a third region of the second
doping kind of a third concentration, and being spaced
from the first region by the second region, so that the
second region 1s sandwiched between the first region and
the third region;

a second body of an 1solation material immediately adja-
cent at least part of the second region, the second body at
least partially encapsulating the first body, so that when
the device 1s viewed 1n transverse cross section, the
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second body at least partially borders spaced sides of the
second region of the first body, or at least partially

encircles at least part of the second region of the first
body;

a terminal arrangement connected to the first body and
arranged to reverse bias the junction into a breakdown
mode; and

the device being configured such that a depletion region
associated with the junction extends through the second
region of the first body and reaches the third region of the
first body, before the junction enters the breakdown
mode.

The first and third doping concentrations may be higher

than the second doping concentration.

The second body may wholly encircle or circumscribe the
junction and at least part of the second region of the first body.
In a preferred form of the invention, the whole of the first body
1s encapsulated by the second body.

The semiconductor material may be an indirect bandgap
semiconductor material. Preferably the material comprises
s1licon.

—

T'he msulating material may comprise silicon dioxide.
The first doping kind may be n and the second doping kind
may be p. In other embodiments the first doping kind may be
p and the second doping kind may be n.

The terminal arrangement may be connected to the first
region of the first body and the third region of the first body
only.

The device may have a lateral layout with the first, second
and third regions of the first body laterally in line and all
adjacent a light emitting wall of the device.

According to another aspect of the invention there is pro-
vided a method of generating light comprising the steps of:

providing a device comprising a first body of a semicon-

ductor material having a junction formed in the body
between a first region of the body and a second region of
the body, the first region being of a first doping kind of a
first concentration and the second region being of a
second doping kind of a second concentration, the first
body comprising a third region of the second doping
kind of a third concentration spaced from the first region
of the first body by the second region, so that the second
region 1s sandwiched between the first region and the
third region of the first body; and a second body of an
1solation material immediately adjacent at least part of
the second region, the second body at least partially
encapsulating the first body, so that when the device 1s
viewed 1n transverse cross section, the second body at
least partially borders spaced sides of the second region
of the first body, or at least partially encircles at least part
of the second region of the first body; and

reverse biasing the junction such that a depletion region

associated with the junction extends through the second
region of the first body and reaches the third region of the
first body, before the junction enters the breakdown
mode.

The junction may be reverse biased by applying a biasing,
voltage to the first region of the first body and the third region
of the first body only.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DIAGRAMS

The mvention will now further be described, by way of
example only, with reference to the accompanying diagrams
wherein:

FIG. 1 1s a cross section through a first embodiment of a
light emitting device fabricated from an indirect bandgap
semiconductor material.

FIG. 2 1s a section on line II in FIG. 1;
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FIG. 3 1s a section on line III 1n FIG. 1;
FIG. 4 1s a view similar to FIG. 2 of relevant parts of a

second embodiment of the device;

FI1G. 5 1s a view similar to FIG. 2 of relevant parts of a third
embodiment of the device;

FIG. 6 1s a view similar to FIG. 2 of relevant parts of a
fourth embodiment of the device;

FIG. 7 1s a view similar to FIG. 2 of relevant parts of a fifth
embodiment of the device:

FIG. 8 1s a view similar to FIG. 3 of relevant parts of a sixth
embodiment of the device;

FIG. 9 1s a view similar to FIG. 3 of relevant parts of a
seventh embodiment of the device:

FIGS. 10(a) to (d) are diagrams illustrating various fea-
tures and parameters of a conventional n+p silicon junction in
avalanche; and

FIGS. 11(a) to (d) are corresponding diagrams for a device
according to the mvention.

DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

A light emitting device fabricated from a semiconductor
material, preferably an indirect bandgap semiconductor
material, such as S1, Ge and S1—Ge, 15 generally designated
by the reference numeral 10 1n FIGS. 1 to 9 and 11.

The device comprises a first body 12 of the indirect band-
gap semiconductor material, in this case single crystal or
monolithic S1. The first body may have any suitable shape in
transverse cross section, such as circular or rectangular. In the
embodiment shown 1n FIGS. 1 to 3, it 1s rectangular. More
particularly, the first body has a thickness dimension d and in
relevant parts thereof has a width dimension w, and has a first
or top wall 14, a second or bottom wall 16 and sidewalls 32,
shown i FIG. 2. The first body provides a junction 18
between a first region 12.1 of the body of a first doping kind
of a first doping concentration and a second region 12.2 of the
first body of a second doping kind and of a second doping
concentration. The first body further comprises a third region
12.3 of the second doping kind and of a third doping concen-
tration.

The first doping kind 1s n and the second doping kind 1s p.
The first doping concentration and the third doping concen-
tration are preferably higher than the second doping concen-
tration. In other embodiments, opposite doping kinds may be
used.

As shown 1n FIG. 1 the first junction extends transversely
in the first body 12 between the top wall 14 and the bottom
wall 16. The device layout 1s lateral and the first, second and
third regions are 1n line, with the second region sandwiched
between the first and third regions. The aforementioned
regions are immediately adjacent a light transmitting top wall
34 of the device 10.

At least two, preferably more than two of top wall 14,
bottom wall 16, and sidewalls 32 of at least the second region
12.2 are bordered or terminated by a second body 22 of a
translucent, preferably transparent, 1solation material, such as
silicon dioxide, located immediately adjacent the relevant
wall(s). In a preferred embodiment, as shown in FIGS. 1 to 3,
the first body 12 1s encapsulated 1n the second body 22. The
whole of the first body 12 may be so encapsulated in the
second body 22 utilizing so-called Silicon on isolator (SOI)
Complementary Metal Oxide Semiconductor (CMOS) tech-
nology. The second body 1s provided on a surface 24 of bulk
silicon 26. A buried silicon dioxide wall 27 with thickness
spaces the bottom wall 16 of the first body 12 from the bulk
material. Hence, the so terminated parts of at least the second
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region 12.2 do not have a wall to the bulk semiconductor
maternal, because the sidewalls are terminated by the second
body of 1solation material.

Suitable electrical contacts 28.1 and 28.2 of a terminal
arrangement 28 are connected to the firstregion12.1 and third
region 12.3, respectively. No contact 1s required to the second
region 12.2. In use, the junction 18 1s reverse biased 1nto a
light generating breakdown mode which may be avalanche or
field emission mode or a combination of both. However, the
device 1s configured such that a depletion region associated
with the junction 18 traverses or extends through the second
region 12.2 and reaches the third region 12.3, before the
junction 18 enters the breakdown mode.

In FIGS. 4 to 7 there are shown various embodiments of the
device 10 wherein different parts of the first body 12 are
bordered or cladded by the second body as hereinbefore
described. In the embodiment 1in FIG. 4, only part of the
second region 12.2 1s circumscribed by coaxial second body
22. In the embodiment of FIG. 5, the junction 18 and at least
part of the second region 12.2 are so circumscribed. In the
embodiment of FIG. 6, part of the first region 12.1, the junc-
tion 18, the whole of the second region 12.2 and part of the
third region 12.3 are so circumscribed. In the embodiment in
F1G. 7 the whole of the sidewalls of the first, second and third
regions are so circumscribed.

In the embodiment in FIG. 8, spaced peripheral regions,
more particularly opposite sides, of the first body 12 in the
form of top wall 14 and spaced bottom wall 16 of at least part
of the second region 12.2 are bordered by respective bodies
22.1 and 22.2 of the 1solation material. In a preferred form of
this embodiment, the first body 12 1s sandwiched between the
bodies 22.1 and 22.2, so that top wall 14 of the first body 12
1s spaced from top wall 34 of the device 10 by body 22.1 and
the bottom wall 16 of the first body 12 1s spaced from the bulk
material 26 by buried layer 22.2.

In the embodiment shown 1n FIG. 9, the first body 1s cir-
cular in transverse cross section. The second body 22 may
comprise a circle segment (not shown) or an annular sleeve
with a circular inner wall, so that when the device 1s viewed 1n
transverse cross section, the second body at least partially
embraces or encircles at least part of the secondregion12.2 of
the first body.

The second body 22 confines carriers moving through the
second region 12.12, such that all carriers moving through
junction 18 will be confined to region 12.2, with carrier
recombination in region 12.2 and carriers not recombining,
eventually reaching the third region 12.3.

Referring now to a conventional or prior art n™p junction
silicon device 110 shown 1n FIGS. 10(a) to 1(d) where there
are respectively shown the conventional electric field, elec-
tron avalanche 1onization coefficient, carrier concentrations
and carrier pn product profiles at the avalanching operating
point. Typical values are also shown in the figures. The
dimensions given are for a typical n™p junction silicon device
110 with a low doped p region 112.2 with doping concentra-
tion or density of 10" " acceptor atoms/cm”, and a high doped
n* region 112.1 with doping density 10*° donor atoms/cm”.
The width of a depletion region 116 1s about 400 nm at
breakdown. The carrier concentrations are the values needed
for an approximate 10° A/cm” current density. The break-
down voltage of this device 1s 1n the order of 12V.

FIG. 10(a) depicts the electric field profile 1n the junction
depletion region 116 at breakdown. FIG. 1(b) shows the 10n-
1zation coellicient of the electrons 1n the depletion region 116.
From these two figures it 1s evident that carriers will only
experience impact ionization over a short distance within the
depletion region 116. The low electric field remote from the
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junction 114 also means that hot energetic carriers are only
present near the n™ side of the depletion region, and that holes
leaving the depletion region 116 near the p side will be low
energy carriers.

FIG. 10(c) shows the carrier concentration profiles in the
depletion region 116, and FIG. 1(d) exhibits the p*n carrier
product. If the carrier recombination rate 1s proportional to
the product pn of the hole p and the electron n concentrations
in the depletion region 116, then carrier recombination will
occur 1n a short region of the depletion region only.

It 1s believed that with the device 10 according to the
invention shown i FIGS. 1 to 9, the internal quantum eifi-
ciency ol photon generation may be improved, more particu-
larly by using the reach through effect. The internal quantum
eificiency (number of photons generated per electron) is
enhanced 11 more carrier-to-carrier or carrier-photon interac-
tions can take place in the same volume. Improved power
elficiency (optical power out vs. electrical power 1n) can also
be achieved 11 the devices can be operated at lower operating,
voltages.

Referring now to FIGS. 11(a) to (d), i the device 10
according to the mvention, a region 12.3 of high doping with
the same polarity as the lightly doped region 12.2, 1s placed in
close proximity to the reverse biased n™p junction 18. There 1s
hence formed an™pp™ doping profile. When the junction 18 1s
reverse biased, the depletion region 18.1 spreads mainly into
the lightly doped p region 12.2. If the depletion region reaches
the p™ region 12.3 before breakdown has taken place, the
junction will be 1n the reach through mode of operation. A
turther increase 1n reverse voltage will cause the depletion
region to spread into the p™ region 12.3, causing breakdown
without too much further increase in the reach through volt-
age. FIG. 11(a) shows the reach through n*pp™ device with
the acceptor doping N ,=10'°/cm” inthe pregion 12.2, and the
spacing between the n™ region 12.1 and the p™ region 12.3
equal to 400 nm. This was done to compare the reach through
device 10 with a 400 nm depletion region to a conventional
n*p device 110 with the same depletion region width and
referred to herembefore.

In the reach through mode, the electric field (see FIG.
11(a)) 1s relatively high and almost constant throughout the
entire depletion region 18.1. This means that the 1onmization
coellicient 1s also relatively constant across the whole deple-
tion region 18.1, as indicated in FIG. 11(d). The breakdown
voltage can be determined from the electric field profile and 1s
also approximately 12V.

This reach through device 10 ensures that the carriers tra-
versing the depletion region 18.1 remain “hot” (high energy
carriers) throughout the entire depletion region, up to the
point where they leave the depletion region. Furthermore,
avalanche impact ionization events are expected to take place
throughout substantially the entire depletion region 18.1.

Another advantage of this type of reach through device 10
1s that the carriers move at the carrier saturation velocity
through the entire depletion region 18.1, due to the high
clectric field throughout the depletion region 18.1. This 1s
expected to make the reach through device carrier transit time
less than that of the conventional diode, and thus increase the
switching speed of the light generation process.

In FIG. 11(c¢) there 1s shown the carrier concentration pro-
files for the n™pp™ reach through device 10. The electron
concentration in the depletion region 18.1 1s higher than 1n the
conventional device, and with the higher ionization coetli-
cient of electrons compared to holes, more impact 1onization
events may occur.

FI1G. 11(d) depicts the carrier concentration product n®p. It
1s evident that the carrier concentration product p*n 1s sig-
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nificantly higher for most regions in the depletion region 18.1
when compared to the conventional device 110. If an integral
of the p*n product 1s taken over the whole length of the
depletion region, a significant higher integrated p*n product
1s achieved compared to the conventional n™p device. Hence,
one may expect a higher radiative carrier recombination rate
in the reach through device 10 at the same current density and
breakdown voltage compared to the conventional device.

The reach through device 10 may have a faster switching
speed and may provide the ability to adjust the breakdown
voltage to lower or higher values by varying the distance
between the n™ and p regions. Decreasing the n™ to p™ distance
reduces the breakdown voltage.

The mnvention claimed 1s:

1. A light emitting device comprising;:

a first body of a semiconductor material;

a junction 1n the first body formed between a first region of
the first body and a second region of the first body, the
first region being of a first doping kind of a first concen-
tration and the second region being of a second doping
kind of a second concentration;

the first body comprising a third region of the second
doping kind of a third concentration, and being spaced
from the first region by the second region, so that the
second region 1s sandwiched between the first region and
the third region;

a second body of an 1solation material immediately adja-
cent at least part of the second region, the second body at
least partially encapsulating the first body, so that when
the device 1s viewed 1n transverse cross section, the
second body at least partially borders spaced sides of the
second region of the first body, or at least partially

encircles at least part of the second region of the first
body;

a terminal arrangement connected to the first body and
arranged to reverse bias the junction mto a breakdown
mode; and

the device being configured such that a depletion region
associated with the junction extends through the second
region of the first body and reaches the third region of the
first body, belfore the junction enters the breakdown
mode.

2. A light emitting device as claimed 1n claim 1 wherein the
first and third doping concentrations are higher than the sec-
ond doping concentration.

3. A light emitting device as claimed 1n claim 1 wherein the
second body encircles the junction and at least part of the
second region of the first body.

4. A light emitting device as claimed 1n claim 1 wherein the
first body 1s wholly encapsulated by the second body.

5. A light emitting device as claimed 1n claim 1 wherein the
semiconductor material 1s an indirect bandgap semiconductor
material.

6. A light emitting device as claimed 1n claim 5 wherein the
indirect bandgap semiconductor material comprises silicon.

7. A light emitting device as claimed 1n claim 1 wherein the
insulating material comprises silicon dioxide.

8. A light emitting device as claimed 1n claim 1 wherein the
first doping kind 1s n and the second doping kind 1s P.

9. A light emitting device as claimed 1n claim 1 wherein the
first doping kind 1s p and the second doping kind 1s n.

10. A light emitting device as claimed in claim 1 wherein
the terminal arrangement 1s connected to the first region of the
first body and the third region of the first body only.
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11. A light emitting device as claimed 1n claim 1 having a device 1s viewed 1n transverse cross section, the second
lateral layout with the first, second and third regions of the body at least partially borders spaced sides of the second
first body laterally 1n line and all adjacent a light emitting wall region of the first body, or at least partially encircles at
of the device. least part of the second region of the first body; and
12. A method of generating light comprising the steps of: 5  providing a terminal arrangement connected to the first
providing a device comprising a first body of a semicon- body to reverse bias the junction, such that a depletion

region associated with the junction extends through the

second region of the first body and reaches the third

region of the first body, before the junction enters the
10 breakdown mode.

13. A method as claimed 1n claim 12 wherein the junction
1s reverse biased by applying a biasing voltage to the first
region of the first body and the third region of the first body.

14. A method as claimed 1n claim 12 wherein the semicon-

15 ductor material comprises an indirect bandgap semiconduc-
tor material.

15. A method as claimed 1n claim 14 wherein the indirect
bandgap material comprises silicon.

ductor material having a junction formed in the body
between a first region of the body and a second region of

the body, the first region being of a first doping kind of a
first concentration and the second region being of a
second doping kind of a second concentration, the first
body comprising a third region of the second doping,
kind of a third concentration spaced from the first region
of the first body by the second region, so that the second
region 1s sandwiched between the first region of the first
body and the third region of the first body; and a second
body of an 1solation material immediately adjacent at
least part of the second region, the second body at least
partially encapsulating the first body, so that when the I T




	Front Page
	Drawings
	Specification
	Claims

